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I. FORWARD 

In 1965 the Wayne State University Center for Application of 

Sciences and Technology (CAST) began to consider the possibilities 

of applying advanced science and technology to social problems in an 

urban environment. Particular attention was paid to the development 

of programs between the university and local government. 

programs were begun: 

urban management, supported by the National Aeronautics and Space 

Administration (NASA); and a program for developing a goal-oriented 

budget structure for the Detroit Police Department, supported by the 

City of Detroit. During this same time, NASA officials from the Office 

of Technology Utilization were meeting with representatives of the 

President's Conmission on Law Enforcement and Administration of 

Justice and the U.S. Department of Justice's Office of Law Enforcement 

Assistance (OLEA) to discuss possible areas of cobperation. These 

meetings were a part of the NASA effort to develop interagency pro- 

grams which would increase the utilization of aerospace-related science 

and technology. Several meetings were held with Dr. Richard Lesher, 

Mr. George Howick, and Mr. James E. Mahoney of the NASA Office of 

Technology Utilization and Dr. Robert Emrich and Mr. Armold Sagalyn 

of the Conmission and the OLEA. 

NASA's interest in developing interagency programs to increase the 

utilization of aerospace science and technology; second, the mandate 

of the Crime Commission to examine all aspects of crime in order to 

In 1966 two 

a program for applying aerospace technology to 

These meetings were based on first, 

develop a national strategy against crime; third, the authorization of 

the OLEA t o  advance the capabilities of law enforcement bodies and assist 
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i n  the prevention and control  of crime; and fourth,  the p o s s i b i l i t y  

of applying science and technology t o  law enforcement and crime pre- 

vent ion. 

It was:agreed t h a t  the NASA would support an experimental pro- 

gram a t  one of i t s  Regional Dissemination Centers t o  begin the  appl i -  

ca t ion  of aerospace-related science and technology t o  law enforcement 

pro jec ts  supported by the  OLEA. Later, M r .  Bruce W. Pince and M r .  

Don H. Overly from CAST were invi ted t o  m e e t  with Mr. Sagalyn and 

D r .  Emrich t o  determine i f  a program could be developed which would 

r e f l e c t  CAST'S , i n t e r e s t s  and capab i l i t i e s  i n  resolving urban problems 

through science and technology and the  requirements of NASA and the 

OLEA. 

The OLEA expressed an i n t e r e s t  i n  introducing CAST and CAST 

serv ices  to OLEA-sponsored research projects .  CAST, then, agreed t o  

work with pro jec t  groups recommended by the 0LEA:'A proposal was pre-  

pared by CAST and submitted t o  the NASA, and a cont rac t  w a s  awarded 

i n  December, 1966. Work began i n  January, 1967. 

11. INTRODUCTION 

This r epor t  descr ibes  work performed by Wayne S t a t e  University 

under cont rac t  NSR 23-006-037 'I.. . for  e f f o r t  ' t o  enhance the  t ransfer  

of NASA-generated technology t o  other agencies of the government!' 

through 21 March, 1967. This program w a s  an extension of the  capa- 

b i l i t i e s  developed by CAST as  a NASA-supported Regional Dissemination 

Center. 

CAST information system, and CAST'S s c i e n t i f i c  and technica l  expertise 

The s c i e n t i f i c  and technical da ta  provided by the NASA, the 
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made possible the development and implementation of this experimental 

pro gram. 

111. PROGRAM OBJECTIVE 

The objective of this experimental program was to begin the appli- 

cation of aerospace-related science and technology to current law 

enforcement programs. A secondary objective was to develop an efficient 

interagency program between the NASA and the OLEA. The criteria for 

measuring objective achievement would be first, the utilization of 

aerospace-related science and technology in law enforcement programs 

. and second, the establishmenh of new lines of communication between 

the NASA (and NASA-supported programs) and the OLEA (and OLEA-supported 

programs). 

IV. PROGRAM RESULTS 

T h e  program was structured into five phases.'This section 

describes the five program phases and their results. 

A. Phase I - Identification of OLEA-sponsored law enforcement 
projects. 

- 
Phase I required the OLEA to identify certain projects which 

were science/technology-based and which could effectively utilize 

aerospace-related science and technology. 

proposal preparation phase, the CAST program was explained in 

detail to OLEA staff. 

and it was explained that these services would be made available 

to OLEA project personnel under this experimental program: 

A s  a part of CAST'S 

The following CAST services were described, 

1. retrospective search services including: 
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pre-search analysis of agency requirements by Appli- 

cation Engineers, technical personnel, and professional 

information retrieval personnel; and 

computerized and manual information retrieval from 

the NASA files provided; and 

post-search analysis of the search results by Appli- 

cation Engineers and other technical personnel; and 

delivery of evaluated abstracts; and 

provision of hard copy from both International Aero- 

space Abstracts and Scientific & Technical Aerospace 

Reports; and 

advisory service concerning use of information with 

technical advice from other specialists or University 

consultants as required in order to increase the 

potential utilization of the information. 

2. current awareness program services including: 

abstracts of determined interest to the designated 

agency or agencies. These abstracts will be retrieved 

from the NASA-provided information file, collated, and 

disseminated to the designated agency or agencies on 

a monthly basis. ' 

Mr. Courtney A. Evans, Acting Director of the OLEA, and his 

staff contacted in the Fall of 1966 nine OLEA-sponsored projects 

which were already underway to encourage their utilization of 

CAST services. The nine projects selected were: 

S t .  Louis Metropolitan Police Department--development of a 
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resource allocation model for motorized patrol and experi- 

mental evaluation of the effectiveness of resource allocation 

decisions made using the model. 

New York State Identification and Intelligence System-- 

exploration of the utility of developing some means of auto- 

mated or semi-automated surveillance for stolen cars and the 

development of prototypes of associated equipments. 

Philadelphia Police Department--development of a computer- 

based model for crime prediction and the testing of patrol 

strategies. 

Pheonix Police Department--exploration of the information 

requirements of police field personnel. 

California Department of Justice--development of a feasi- 

bility and design study for a state-wide, criminal justice, 

computer-based information system. I 

Federal Bureau of Investigation--creation of a pilot 

system to test the feasibility of a nation-wide, computer- 

based police information system for storing and retrieving 

information on stolen property, stolen motor vehicles, and 

wanted per sons. 

District of Columbia Metropolitan Police Department-- 

development of a research and planning bureau; design of a 

computer-based information system; and design of a new 

communication system. 

The Polytechnic Institute of Brooklyn--development of a 

macro-model of law enforcement and crime in New York City 
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f o r  use i n  management decision making. 

Ohio S t a t e  Highway Patrol--performance of a f e a s i b i l i t y  

and design study for  a state-wide pol ice  information system. 

Appendix 1 contains a copy of the  let ter sen t  by the OLEA and a 

l i s t  of the  addressees. 

A t  the recommendation of the  OLEA, CAST contacted a l l  of these 

pro jec ts  except the  Federal Bureau  of Invest igat ion.  Appendix 2 

contains a copy of the l e t t e r  s en t  by CAST. I n  order t o  prepare 

for  pro jec t  implementation, CAST contacted by telephone pro jec t  

personnel a t  each of the projects  t o  explain again the  interagency 

agreement, CAST's capab i l i t i e s ,  and CAST's i n t e r e s t  i n  working 

with OLEA projects .  

a l l  groups, only four of e ight  pro jec t  groups contacted expressed 

an i n t e r e s t  i n  par t ic ipa t ing  i n  the  interagency program. These 

four groups were: the St. Louis Metropol i tadPol ice  Department; 

the Philadelphia Pol ice  Department; the  Cal i forn ia  Department of 

Jus t ice ;  and the New York S ta t e  Iden t i f i ca t ion  and In te l l igence  

Although general  i n t e r e s t  w a s  expressed i n  

System. 

of these four groups. 

Both the NASA and the OLEA were advised of t he  response 

Phase I ,  then, ident i f ied  four OLEA-supported projects  which 

indicated an i n t e r e s t  i n  working with CAST and i n  b t i l i z i n g  aero- 

space-related science and technology. It is  planned t h a t  other  

OLEA-sponsored pro jec ts  would be contacted a t  the recommendation 

of the  OLEA. 

B. Phase I1 - Acquaint OLEA-supported projects  with CAST services .  - 
Phase 11 was t o  acquaint OLEA pro jec t  personnel with serv ices  
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available through CAST. Letters and telephone calls to all pro- 

jects except the FBI were used to define available service. 

Visits were made to the New York State Identification and Intelli- 

gence System, the Philadelphia Police Department, and the Cali- 

fornia Department of Justice. Several attempts were made to visit 

the St. Louis Police Department, but an appointment could not be 

arranged with project personnel. 

CAST services was presented and, where possible, discussed. 

Information describing all 

As a result of analysis and interviews with OLEA staff and 

OLEA project personnel and CAST'S experience with the Detroit 

Police Department, several examples of potential applications of 

aerospace science and technology to law enforcement were prepared. 

These examples were submitted to a l l  of the projects except the 

FBI  with information again describing the experimental interagency 

program (see Appendix 3 ) .  These examples were: 

(1) A CAST computer search on miniature transmitting/receiving 

communication systems and equipment. 

(2) A multi-channel, video security warning system. (From 

Tech Brief 66-10548, "Motion Detection System, 15-Channel.") 

(3) A safety helmet with built-in radio transmission/receiving 

system. (From Tech Brief 64-10015, "Comfortable, Light 

weight Safety Helmet Holds Radio Transmitter, Receiver.") 

(4) A light weight, small, portable TV camera. (From the 1965 

Marshall Center Technology Utilization Conference entitled, 

Technology Status and Trends Symposium. 

cited are: 

The two papers 

"Lenticular Stereoscopic Television" by Chief, 
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Human Factors Laboratory, SPACO, Inc.; and "Use of Space 

Vehicle Television Developments fo r  Commercial and 

Indus t r i a l  Use," by C. T. Huggins, Marshall Space F l igh t  

Center .) 

Phase 'JI acquainted selected OLEA-sponsored projects  with the 

interagency agreement and the services  ava i lab le  through CAST, 

and ident i f ied  possible applications of NASA technology t o  the  

f i e l d  of l a w  enforcement. 

C. Phase 111 - Sc ien t i f i c  and Technical Analysis of Problem and 

Program Areas. 

Phase I11 required analysis by CAST personnel of spec i f i c  

program and problem areas.  

t o  organize meetings with technical personnel a t  each of the pro- 

j ec t s .  It became evident a t  t h i s  point that most of the technical  

expert ise  i n  three  of the four pro jec ts  repr'esented the u s e  of 

outside contractors.  In these three cases,  the majority of the 

work t o  be performed by the law enforcement agency under the OLEA 

grant had been subcontracted t o  outs ide groups. 

Attempts were made by phone and le t ter  

This meant f i r s t ,  

t ha t  the proposal for  the sub-contract had been developed and 

approved p r io r  t o  the grant commitment and second, tha t  the work 

t o  be performed under the sub-contract w a s  carefu l ly  scheduled 

and i n  many cases underway. U s e  of CAST, then, would have re- 

quired a re-evaluation of the r o l e  of the subcontractor inasmuch 

as formal agreements had been establ ished between the OLEA, OLEA 

pro jec t  groups, and subcontractors. 

Since each of the four project groups which had i n i t i a l l y  



-- 
I 

. r  

I 

- 9 -  

agreed t o  work with CAST ref lected a unique s i tua t ion ,  a de ta i led  

explanation is presented below of the "technical analyses" per -  

formed . 
(1) Philadelphia Pol ice  Department - The pr inc ipa l  contacts 

were M r .  P h i l l i p  Carroll ,  Director of Central  Services,  

and Captain James Herron. The Philadelphia OLEA project  

was divided in to  two par ts :  the f i r s t ,  the  development 

of a computer-based model for  the predict ion of crime i n  

a small, geographical area and the second, a general 

management study of the department. Most of the technical  

research work was being performed by the Operations 

Research Division of the Franklin I n s t i t u t e  Research 

Laboratories. 

pared by the Franklin I n s t i t u t e  i n  May, 1966. Attempts 

The proposal for  t h i s  research w a s  pre- 

were made t o  meet with researchers from the Franklin 

Ins t i t u t e ,  but they were unavailable. 

Since the Franklin I n s t i t u t e  researchers were un- 

avai lable ,  copies of the  CAST Personal I n t e r e s t  P ro f i l e s  

were l e f t  for  completion by both Philadelphia and Franklin 

Personnel. 

going t o  be reported a t  the F i r s t  Symposium on Law Enforce- 

Since the i r  p j e c t  was w e l l  underway and w a s  

ment Science-and Technology.in March, 1967, it was f e l t  

t ha t  l i t t l e  could be done on t h i s  pro jec t  a l t h m g h  

there  was interest  i n  u t i l i z i n g  advanced science and 

technology. 

It was suggested t h a t  the I n t e r e s t  P ro f i l e s  be re- 
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turned to CAST, and CAST would develop Current Awareness 

Profiles for individuals in both the Philadelphia Police 

Department and the Franklin Institute. Further, it was 

stated that specific problem areas should be communicated 

to CAST. To date, there has been no further contact. 

St. Louis Police Department - The contact was M r .  Joseph 

W. Larimore, Jr., Project Director, Resource Allocation 

Project. The St. Louis Project was to demonstrate and 

evaluate a new patrol technique based upon the prediction 

of radio service calls by a mathematical model and the 

flexible use of manpower between police units assigned 

to answer radio calls only and units assigned to pre- 

ventive patrol function. The predictive model, called 

the Resource Allocation Model, was already desi'gned and 

in use. 

cations, the definition of geographical segments, adapting 

information to the model, and devising a method of dis- 

playing the information. 

being executed by System Science Corporation and a 

Harvard University faculty member along with St. Louis 

personnel. Operational testing was to begin in January, 

1967. 

(2) 

The project was emphasizing' the coding of lo- 

The project was planned and 

Several attempts were made to set up a meeting. 

Finally, copies of the Personal Interest Profiles and 

the four examples of aerospace technology were sent 

encouraging the St, Louis group, again, to call. No 
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contacts have been made. 

(3) New York State Information and Intelligence System (NYSIIS) - 
The contact at NYSIIS was M r .  3 .  3 .  Paley and Mr. Charles 

Kingston. NYSIIS, a research-oriented service arm of all 

law enforcement agencies in New York, was working on 

two OLEA projects: fingerprint detection/information 

systems and license plate detection systems. Technical 

analysis divided these two projects into the following 

technical areas: 

I 
Finger-print research and automated systems and semi- 

automated systems of handling documents. 

1. Document handling and transporting. Techniques 

of handling various finger-print documents. Size 

of documents, thickness, etc. 

2. Pattern recognition - features of fingerprinting, 
curvature, segments, scanning devices, electronic 

logic. 

3. Filing, structuring and,.search of file. Infor- 

mation retrieval. 

elements. 

Structuring,of file with missing 

4 .  Retrieval of fingerprints. Microfilming of docu- 

ments, etc. 

License plate detection, scanning, etc. 

1. Micro waves, radar type interrogation, detection 

of license plates, transponders. 

2. System analysis and reporting techniques on a 
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state-wide basis (stolen cars). Ways of expediting 

problem, housekeeping, etc. 

3.  Communications - video transmission, recordings, 
band width compression techniques. 

Psychological research on identification methods. 

What characteristics do people remember? 

Other technical areas of interest to NYSIlS are: 

1. New techniques for analysis of physical properties 

4. 

(for example,detection and tracing of hair, 

marijuana, etc.). 

2. Computer CmuniELtions, information retrieval, 

instrumental results, time-shared computer system 

on state-wide basis. 

3. Better finger prints, internal reflectance, 

photographic techniques, impressions, plastics, 

new types of paper surfaces, inks, etc. for 

fingerprinting. 

4. Techniques for analyzing soil samples, trans- 

mitting data, etc. 

Switching techniques with multiple inputs, analogs, 

digital, mixed mode, etc. 

Queing theory, binary encoding, analog, etc. 

Rapid transmission of facsimile fingerprint 

cards. 

network. ) 

5. 

6. 

7. 

(126 inputs eventually on state-wide 

8. Visual interrogation, display units, cathode 
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ray tubes, accessing f i l e s .  

It w a s  agreed tha t  CAST would develop computer 

searches and Personal Awareness Programs for  the above 

technical  areas, and tha t  NYSIIS personnel could contact 

CAST i f  other areas were defined. Computer searches a r e  

now being s t ructured and run. 

(4) S t a t e  of Cal i forn ia  Department of Just ice  - The i n i t i a l  

contacts  were M r .  Charles A. O'Brien, Chief DeputyAttorney 

General, and Mr. Arlo Smith, h i s  chief a s s i s t a n t .  M r .  

O'Brien and M r .  Smith suggested t h a t  CAST personnel m e e t  

with Mr .  Edward V. Comber, Pro jec t  Director ,  Criminal 

J u s t i c e  Information Systems Design Study. The Criminal 

J u s t i c e  Information Systems Design Study w a s  a f e a s i b i l i t y  

and design study for a statewide criminal j u s t i c e ,  computer- 

based information sys tem.  This sysfem represented a 

major commitment of the S t a t e  of Cal i forn ia  s ince  i n  1965 

the S t a t e  had completed a study which established the  

f e a s i b i l i t y  of applying advanced systems technology t o  

solving t h e  j u s t i c e  information program. 

Most of the technical work for  t h i s  information system 

w a s  t o  be done under a sub-contract. The Request-for- 

Proposal (RFP) was prepared i n  the F a l l  of 1966, and a 

bidders '  conference w a s  held i n  December, 1966. Since 

the  technical  design spec i f ica t ions  of the information 

system were t o  be a p a r t  of a competitive proposal i n  



response to che RFP issued by the State of California, 

it was not possible to examine scientific and technical 

information needs, It was agreed that the group which 

wins the competition would be put in contact with CAST, 

and that CAST would explain available services to these 

technical personnel. 

It was strongly recommended that Current Awareness 

Profile forms be circulated among those in the State 

government who would be involved in the project, and 

that these forms be returned to CAST for the development 

of Personalized Current Awareness Programs. To date, the 

Profile forms have not been returned. 

It was learned in March, 1967, that a California 

firm won the competition, but that the work plan had 

not been fully approved. r 

Phase 111 began scientific and technical analysis of OLEA- 

sponsored law enforcement projects. This technical analysis was 

to have been sufficient for the development of retroactive computer 

searches and Current Awareness Programs. Only one project, NYSIIS, 

seems to be amenable to analysis of information needs, primarily 

because of its long-range research orientation in* the field of 

law enforcement. The other three groups, while concerned with 

the long-range problems of law enforcement, were working on specific 

projects with previously developed, specific plans-of-work. One 

general area which seemed t o  be of pervasive interest was the 

application of management science and technology with emphasis 
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on information systems. 

D. Phase IV - Dissemination of Aerospace Science and Technolopy 

t o  OLEA-sponsored Projects.  

Through March, 1967, the only information disseminated w a s  

the  examples previously prepared by CAST. It is  expected t h a t  

Current Awareness Prof i les  w i l l  be es tabl ished,  i f  necessary by 

inference,  for  the four projects  and any which l a t e r  agree t o  

par t ic ipa te .  I f  the  Personal I n t e r e s t  P ro f i l e s  are  not completed 

by pro jec t  personnel, the Prof i les  w i l l  be completed by CAST 

according t o  previous conversations and technical  analysis.  

Modifications w i l l  be i n  the P ro f i l e s  according t o  comments and 

react ions by pro jec t  personnel. Also, re t rospec t ive  computer 

searches i n  the  a reas  of information systems w i l l  be run. 

Specialized computer searches w i l l  be run according t o  spec i f i c  

OLEA pro jec t  requirements as they are unders’tood. 

E. Phase V - Evaluation 

The primary object ive of disseminating e f f ec t ive ly  aerospace- 

r e l a t ed  science and technology has not  been achieved; ne i ther  

has the secondary objective of developing an e f f i c i e n t  interagency 

program. During the t i m e  t h i s  program was being developed and 

a t  the  t i m e  the  program was begun, the  CAST project  s t a f f  knew 

l i t t l e  about the project  groups and the approaches being taken. 

O f  c r i t i c a l  importance was an understanding of subcontractor re- 

la t ionships .  

of c lose  working relat ionships  with any of the subcontractors or 

outs ide technical  expert ise  employed on OLEA-supported projects .  

Time and resources did not  p e r m i t  the  development 
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Also, i t  w a s  not possible t o  work with the Commission's Science 

and Technology Task Force a t  the I n s t i t u t e  for  Defense Analysis 

which had begun t o  define some of the poten t ia l  appl icat ions of 

advanced science and technology t o  law enforcements. Further,  

the feedback mechanisms which a re  a pa r t  of the CAST dissemination 

program (evaluation of data provided, document requests ,  requests 

for  new and anc i l l a ry  da ta ,  and the desire t o  develop new pro- 

grams) were never applicable due t o  the i n a b i l i t y  t o  work with 

project  personnel and the length of time required t o  make tech- 

n i ca l  contacts. 

V, CONCLUSIONS 

Several major problems have l imited the achievement of program 

object ives;  these are:  delayed s t a r tup ;  few opportunities t o  analyze 

technical  expert ise  i n  OLEA projects ;  and the existence of pre-arranged 

re la t ionships  between the OLEA, OLEA projec ts  and subcontractors. 
' 7 

Plans a r e  being made t o  resolve the f i r s t  problem through the request 

t o  the NASA for  a t i m e  extension i n  the contract .  The la t te r  two 

problems w i l l  be resolved by working with the OLEA. 

It is  expected tha t ,  during the next s i x  months, CAST w i l l  begin 

the  e f f ec t ive  dissemination of science and technology t o  OLEA-sponsored 

pro jec ts  . 
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OLEA Advisory Letter to OLEA- 

Supported Projects 



UXITED STATES DEPARTRIEXT OF JUSTICE 
OFFICE OF LAW ENFORCEAIENT ASSISTAKE 

WASIIIIUGTOX, D.C. 20530 

September 9, 1966 

Dear : 

The purpose of this letter is to acquaint you with the nature and 
objectives of an information management system newly available to cer- 
tain grantees and contractors of the Office of Law Enforcement Assistance 
which may prove helpful to you i n  the performance of your OLEA project. 

As you know, the National Aeronautics and Space Administration spends 
billions of dollars annually performing the research, development test 
and engineering required by low. To make the information resulting from 
this R & D effort available to the nation at large, NASA's Technology 
Utilization Division was established and, using a variety of mechanisms, 
has enjoyed substantial success in effectively transferring aerospace- 
related science and technology to industrial, medical and educational 
users . 

Recently, OLEA has negotiated an interagency agreement with NASA's 
Technology Utilization Division under which an experimental effort will 
be made to transfer aerospace-related scientific and technical data to 
selected OLEA projects without cost. 
for Application of Sciences and Technology (CAST), one of the NASA's 

' Regional Dissemination Centers, has been selected to provide scientific 
and technological information services to OLEA projects. A brochure 
is enclosed describing in general the services provided by CAST to 
industry; naturally, special adjustment of the transfer mechanisms will 
have to be made i n  order to provide information services to OLEA users, 
but we are confident that an effective transfer mechanism can be developed. 
Hopefully, this w i l l  permit OLEA grantees and contractors to make use of 
the hundreds of thousands of documents in 34 areas of advanced science 
and technology stored in CAST'S computer. 

Wayne State University's Center 
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You w i l l  be contacted soon by a CAST representat ive t o  i n i t i a t e  t h e  
sequence of events which may r e su l t ,  i f  you agree, i n  your se lec t ion  as 
a par t ic ipant  i n  t h i s  important experimental e f fo r t .  I n i t i a l l y ,  t he  
e f f o r t  will be l imited t o  not more than ten OLEA pro jec ts  from among 
those focusing on s c i e n t i f i c  and technological appl icat ions t o  l a w  
enforcement and criminal j u s t i c e  problems. We th ink  the  service has 
much po ten t i a l  and w i l l  be m a t  gra te fu l  f o r  your cooperation. 

Sincerely, 

COURTNEY A. EVANS 
Acting Director  

Enclosure: CAST Brochure , ', 

, \ ' ,  

\. 
, \  

' \ '  ccf M r ,  Bruce W. Pinc,  Director  of CAST, Wayne State University t 5 %  

8 ,' Honorable James E. Webb, A d ~ l n l a t r a t o r .  National Aeronautice d',, 
\ '  

\ li and Space Administration 

, '., 

. ,  
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CAST Advisory  L e t t e r  t o  . 7  

OLEA-Supported P r o j e c t s  



Plr. Philip C a r r o l l  
PhiTaJclphia Police Dcparbcnt 
Fni ladclphin , Pcnnsylvnnia 

Dear lfr. Carroll :  

Paccntly D r .  Courtncy A. Evans, Acting Dircctor 04 tlic Office of Laa 
EnfGrCcu?cilt h S i 3 ; X X l C C ,  wrote you c::;>lzining t;ist Wayne S ~ o ' i c  Univcr- 
GiLy'8 Ccntci- f o r  C.p?Licatioh of Scicncco ant.! TcchnoloZy (CAST), as 
p a r t  of the' Notional Acronzutics and Space i d d n i o t r a : : l o n ' s  Tcchnology 
U t i l i z a t i c n  Progriln has been asked to p ~ o v i l c  s c i e n t i f i c  and tccho- 
log:fcol infom.at2on cc~=vicco C D  OL2A projects .  

CAST ic, presently taorBinS vi.:h thc Detroit Pol ice  Dc ;x? r t rxn t  In an 
cxperincntal prosram to t m n s f c r  the xcsults of acrosy~cc/dcfcnsc- 
rcln2cd science and tcchnolo:y t o  polLcc opcrationsI i n  DctroiL,  and 
wc ai'c nnxiouc t o  begin working with othcv progxar.6 i n  elie arcilc of 
Ink7 ccl'orccmnt , crizic p;cvcntion and. public safely.  

I t ivuld 1il;c to moot with you coon to discuss in DGW detailtthc CAST 
program and ha7 it n ight  osoist your projcct. 
in thc next ticcIc or CO. 

tiocs, do not licsiWhLc eo c a l l .  

I w i l l  IC calling you 
If YGU hove any iclrilcdiot,c corxicnts or qucs- 

. .  Sincerely youxs, 

Don 11. Overly 
Assistant: Dircctor . 

cc: Eruce tl. Pilice 
Courtncy Evans 
Pabcrt Enrich 
Jane6 E. lhhoney 
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Appendix - 3 

CAST-Prepared Examples of Applications 

Aerospace-Generated Technology to 
I 

L a w  Enforcement 
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Progloss Report. 1 Jan -31 Mar l !m,  
C 1 Hnlr.r\ and D C Kinzry  17 P 
ICnnl rar t  D A  36 039 SC 859761 

25 000-ohm bushing mount potentiometer1 being ovalusted 
on the 10.000-hour load-life rolirbrlity rtudy hrvo passed 
3.000 hourr (7.200.000 unit hours) of testing with very sat is-  

I V L  fOCtOQ fmSUll8.  

N63-13043 Ohloherno SOIP U Rrreorch foundation. Stlllwoter 

A MINIATURIZED FIFTEEN-CHANNEL TELEMETRY TRANSMITTER 
FOR UPPER AIMOSPHERE RESEARCH 
Oscor 1 Cooprr Repr from Proc OLIO Acod SCI. v 42. 1961 
p 1 7 1  177  
(NASA Contract N A S r  4) 

A manboture telemetry moddotor hos bren dc\lgnrd for use In 
conlunchon with a srparote rodeo Irequency Ironsmtttinp unlt The 

combmotion moy be u w d  os o rockelborne ( h e n  channel pulse 
positton Ironsmit*er in conpnction with enisling ground recctvlng 
rquipmrnt 1 1  ha, simdor performonte features to those of the 
AN/DKT 7. o lorger ond hearier axborne tiontmtHer It con be ured 
to conred os mony os 15 seporote w ~ u r < e ~  of voltage doto into 
p u h  t t w  intormotion. which i$ then tronsmined to the ground 
equlpmsnt lor docoding A R B  

N 6 1 . 1 3 3 1 0  P l r r w y C o ,  Lid (GI R d )  
PRELIMINARY CONSIDERATIONS FOR THE DESIGN OF A MKI10. 
MINIATURE TELECOMMUNICATIONS MUIPMENT 
T M Goss In M~crom~nlotur~rot~on,  Proc 01 ihr A G A R 0  Conf on 
Mlcrominialuitrotmn Oslo July 11 16. 1961 p 174- 183 (Scr N62. 
1119707 71) 

Prehmrnory tonstdcrottons lor the dsslgn of o mtrromoniohrre hl- 
communlco11ons equtpmcnl ore dcscrDbcd A l o r  powcrV  ti F tronimlwer 
recciwr has bren w l r c k d  os a vehtcle for thete consmderoitont A conc 
porison i s  mode  between the scycrol trchnlqucr omdoblr, ond rrowns 
o r e  given lor the cholcs of on mtol method utd*rlng the ossrmbly o l  

seporot. components The components consadcrcd tor UK ore detcrlbed. 
ond the results of measurements modr o n  ihm (elm n+throme ond tm 
oxid. resirtori ond on saltcon monostde ond sunc ,ulf& ropot~torr. 

ore quofed The form of the propoled oslemblv of tomponmts ond 
modules 1s dctcrlbed Inteiconnecilonr ore b u d  on the u u  01 -1der.d 

1oints ond prlnted circuit% A mluma rrductoon 01 obout 1 0 1  on a 
conventionol equipment of simtlor performonce is  sought. ond o furlher 

oblective i s  an improwmenl in reltobhty A foilure rate of one equip 
men1 loolure per 107 component hourr. under moderotmly seere  

environmental conditlonr, i s  the o m  Moinlemrnw of tho oqvvpm'ent 
by module replocement i s  propoled ond lortor, o f f d i n g  the wommKr 
of m i ~  mrn tonon~a  mthod om mmtiond. 

(*&A- 

ElGEN NOISE IN WIDE.EAND ELECTROMETAIC A M P L I -  
F I E R S  [ S O B S T V E N N Y V  S H U M  S H I R O K O P O L O S N Y K H  * 

ELEKTROMETAICHESKIKH USlLlTELEYl N N Runinnova A V Parshtn and L -_  8 Ustlnovr Nov 1984 

17 p r e f s  Trans1 mtn  ENGLISH from Prlbory I Tohhn E C s .  
parim ( U S S R )  no 3 M a y  Jun 19G4 0 9 4  102 
( N A S A  T T  F 91931 OTS Price. 

The eigennolm 0 1  widnband oleclromotric rmp l i f le r r  in  
comouted The condii ions for obtrlnlng m r x i m u m  mnsiitvity 
are dolermtnsd The effect of the p a ~ r m e l o r s  of the input cir. 
CUII. 01 lh. tube. ana of tha type of .cham* on f h .  vrluo of the 

m a r l m u m  ionait~vity ir c0ns1d.r.d Author 

HC $ 1  OO/MF $060  
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Nh5 1-2271 ' a  N3i!iori,il Apronatttncs nncl Spa,  1' Adii i  ri islrdtion 

€ 1  F C l M O h l t i H l C  AMPLIF IERS U S I N G  S U B M I N I A T U R E  
T U  8 E S U S I  LITE LI N A SU E -  
MIN,IATYURNYKH L A M P A K H I  

3 A V f'ardvn arid L 8 Ustinova Nov  1?64 1 3 p  rofs Trans1 
into E N h I I S H  lrom Ylibnry I Tohhn thsper im (USSR) no 3. 
M a y  Jun 1964 p 102-107 
(NASA T T  F 9194)  OTS Prices 

FOUI versions of electrometric amplif iers with submlnia- 
lure tubes are discussed The band pass  in three of these ampl i -  
fiers is InCIeased l r o m  40 to 160 cps w i t h  a n  input resistance 
Of 1 0 0  G ohma Technlcal data concorning the  amplif iers are 
Preaontad and some special foaturar concerning the dosign of 
*conomical miniature amplifier. by the YH of mmiconductor  

d w i c e s  arm dtrcuaaed Author  

\ \ ' ,< I  > r , t ,  nI.0 ( 

1 E 1 E K T  ROME T A ICH E SKIY E 

HC $ 1  OO/MF SO 50 
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NC5 183064 CTS Cor;) E l k h a r t  lrid Ao\ooich end Develop. 
mrrr t  0 1 v  
PRODUCTION ENGINEERINQ MEASURE FOR S U B M I N I A -  
TU R E .  TRANS I STOR TYPE POT E N T I  O M  ET€ R S Ouerterly 
Progrors Report. 1 Jul -30 Sop 1964 

C L H o l m e s a n d D  C Ktnscy 119641 1 7 p  
lContraci  D A  3 6  0 3 9  SC 85976)  
IOPR-13 A D  608934)  OTS $ 1  00 

Pro production tosting of 1800  samples of t w o  styles of 
the subminiaturo potantlometers resulted m failures only on 
visual and mechanical inspection. rotat ional  Me. and moisture 
resistance 1 6 0 0  samples of b o t h  styles me being rebuilt for 
relasting. Twenty.four hundmd units contlnuc on the  10000- 
hour b o d  111. rs l iab i l i t l  ~ t u d y .  and h- m p i r t . #  hour8 
for e rotel of 14 800 thousand unit hour8 Author 

N 6 6  1 2 3 7 3 ~  CTS Corp E lkha i l  Ind Research and Develop 
mnnt  DIV 
PROOUCTlON ENGlNEERlNG MEASURE FOR S U D M l N l  
ATURE. TRANSISTOR TYPE POTENTIOMETERS auortarly 
Progress Report. 1 J a n  -31 M a r  1 9 6 5  
c L Holmos and D C Kinqny I19651 2 2  p 
(Contract D A  3f i  0 3 9  SC 859761 
i a P R  15 A D  6 2 1 3 5 5 )  

EiUtitnen hundred sample* wnro l a l i t ~  atcd and t P \ t m  to 
SCS 112 Technlcal Rrqi i i renient wtIIch d ~ d  not s a i o s l ~ r i o r i ~ y  

Perform all the requoronicnls Sn%icr.n hundrrd conlrois wore 
rnfabrl lalr .r l  and retested m an a l t e ~ r ~ p t  to m v r t  ihnsa lest r n  
QUl~em+InlS wIiiLh were not met  on the  fits1 1800 group A f t e r  
C o m p M i o n  of tho socorid test group test specll jcatlons of  i e c n  
ntcdl Requlrement SCS. l  12 had bern  mot satlsfactorl ly on all 
t e s t s  except moasture res is tance o n  the 50 Omega conirols of 
both sty les end to tatmnal  hfe test ing on tho 2 5 0 0 0  O m e g a  
bushing moun t  style Because those t w o  specification require. 
mentS are beyond the present $late  of the art Technical Actton 
Request NO 8 w a s  submi t ted to request a change in to61 re .  
qulrernents The 2 4 0 0  controls on the loo00 hour load life 
high rel iabi l i ty  study have Completed tho testing phase w i t h  
very aa l i r fac to ry  re ru l ta  A summary of lhir test data is in. 
cluded Author  (TAB) 
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N66 14230# RadioCorp of America Camden N J Defense 
E Ir r lrnnic Pr ndir c l 5  

MICROELECTRONIC S O L I 0  STATE DISPLAY ASSEMBLY 
Interim Development Report. 8 dun  -1 Sop 1966 

lContract N O t n r  97370)  
( IDR 1 A 0  6231381 C F S T I  HC 52 OO/MF SO50 

Tho work Dorformod during t h i s  reporting poriod and 
desr r i t~nd horoin involvnd lor the most part  prcparat ioh far 
tho conflqiiretion and fabrication studies that will be performod 
during Iho nnxt t w o  quartnrs Tho essantial fentures 01 the 
proqram plan mask fatiricatoon CdSe preparation and the  
tost inq c i rcui t ry are deSCliDed Tests mado  to  detcrmine 
tho f latnessof TIC etched glass and the  variallon of gap separa- 
t ion  in the sandwich structure are also reported The purpore 
of this proqrarn is to portorm exploratory developmont of a 
Microelectronic Solia State Display Assembly basod on the 
molecular property of hysteresis in the electrical conduct iv i ty 
of cadmium selenide ICdSe) This hysteresis property Can be 
used as a swi tch to control  a n  electroluminescent (EL) elrment. 
and a malor effort of the  program IS to demonatrate the feasi- 
bility of  mas8 producing the CdSe-EL comblnation for Use In 

Author  (TAB) low tor t  dirplrys 

(1c)651 29  p 



N 6 6  26960.  Srhcrnl n! Ar inspacr  Medtclne Brooks A T  8 
l e x  
A M I N I A T U R I Z E D  VHF F M / F M  TELEMETRY S Y S T E M  
Techoccnl Rnport. Jun 1963-Jun 1 9 6 5  
Jar i i rs  M Terry  .inkt Doif<& D D i i o n  D r c  1%5 l f i  p rrls 
( S A M  TR 65 8.1 AD 4713341 

A mtnnatilrr V t i F  FM FM tplctnnfry s y ~ t n r r  was  f lrvcloiicd 

that will dNow S~I~UII,I~COU~ moni lor ing of  vai iable pafdm4x 
ters This te lcmr t ry  system uttlitpd cnri ior  f rcqucnr ies 01  riH 
to 230 m c  The desiqn 01 this te l rmelry syslem allow< tor 
transmission of  a wicte rnnqp of data over a n  a r w r c r i J l ~ l r  
distJnre Thr telemetry syslprn can be rnicrominialuritPd lo 
f i t  into a one tooth space TIIQ basic design can bo adatired 
to almosl any Sh,iDa depending on 11s application The l r a n r  

m i t ie r  was  d e v c b p e d  t o  study tooth conlacts and l a w  relation 
O f  dental patients The transmitter i s  also capable o! trans' 
m i l t inp  e number  of other physlologic parameters s imul 
tane0USly w i t h  the proper sensor Author ( T A B )  
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N 6 8 - 1 8 5 4 7 Y  Aoolirtd Physics L a b ,  Johns Hoptins Univ . Sib . .  
ver Sprunn. Md 
M I N I A T U R E  A N D  S U B M I N I A T U R E  TUBE WARM-UP STUD-  
IES 
S A Buckingham M H Stephan. and F L W Moehle Feb 
1956  4 7 p  
(Contracf NOrd.73861 
( T G - 2 4 5  6. AD.626417)  CFSTI  H C  $ 2  O O / M F  SO 50 

Increasing altnntron i s  bema paid to  the problem of r8pid 
warm up of the olcctronic hardw.fr in guidad m i r ~ i l o s  A t  
p,,ront blaciron tube 8pocl!l~bt1ons afiord no conlrol  on tho 
lube warm-up charactef ist~cs Deacribed In thus paper. are tho 

results of n neries of experiments upon commonly u r e d  mini.. 
tiire and subminiature tuber. and some of the variables Influ. 
encing warm-up t ime are separated and analyzed A method 
of improving warrnup by rhor t  duration over-voltage puls ing 
of the healars has been erplored Several approaches are 
suggested by which  the missile dosign engineor m a y  COD. w r t h  
4 requirement for 14pid warm-up Author (TAB) 

N 6 6 - 2 7 8 5 7 d  
mcnt  DIV 

2 7 s  C o r p  EIChart. Ind Research and Develop. 

P R O D U C T I O N  E N G I N E E R I N G  M E A S U R E  FOR SUB. 
M I N I A T U R E  TRANSISTOR TYPE POTENTIOMETERS 
Quansrly Progre3i  Repon 1 O c t - 3 1  Doc 1 9 6 6  

C L Holrnos and 0 C Kinspy 3 1  Dec 1965 12 p 
(Contract D A  36  039 S C  85976) 
(OPR 18 A D  6310'301 C F S T l  HC $ 1  M /MF S O 5 0  

k lotar of  300 subminrature potent iometers were febrc. 
cated for retesting on rotat ional  life end molsture resistance 
Technical Act ion Request No 9 was submit ted lo obtain sp- 
Droval of the morsulrb resistance tes1 equipment a t  C T S  of 
Berne Berne Indiana After approval 01 the tes t  facil i ty was 
obtained 1 0 0  potenl iometers ol the 50 o h m  bushrng mount 
swle and 1 0 0  of the 50 o h m  flat mount  style were placed o n  
the moisture resistance test The 100.  25.000 o h m  bushing 
mount  controls w e n  aubrnltted to rotatwonmi Iih test 

Author ITAB)  

t 



, - N66 31384'Y Litton Systoms lnc  Minneapolis Minn AD. 
,plw'd Scw.n< e 0 1 b  

I STUDY I OF SUBMINIATURE TOTAL TEMPERATURE 
PROBES FIMI Roport. 26 Jun 19M-26 Mar  1966 
R k Larwn aiid A R Hanson I Jun 1966 44 p re fs  l f s  
RPPl 2 9 8 0  
(ContrJrt NASB 20204)  
i N A S A  CA 76417) C F S T l  HC $2 (M/MF $0 5 0  CSCL 20M 

T11ts 15 the final report of ie*# '3r rh on subminiature total 
tamperattrio probes I t  summai i rn \  the development and 
fabrication o f  sayoral typos of smell I.%lal tamporaltlre probas 
and presents caltbtetion rasults ob' l ** ied lor theso prol1o3 in 
(ha wind tunnel yrobe-calibration 1.11 i l i t io f~  The objective O f  

the study wo3 io  devalop rubrnl l l lntura total temperature 
oiobes which could be uttllzed in vI"ous boundary layer Etude 
tes .The attainment of small size and the development of the 
special fabricarion techniques requtred for these small  prober 
wem considered mom l m p o r t r n l  than satisfying r n  rb ro lu te  
accurssy r8auimmrnt Author 

_ _ _  L I ~  Lor0 f lkhttrl  Ind Aerearch and O r -  
vc lopmrnt  Div . 
PRODUCTION tNOlNEERINO MEASURE FOR SUBMINI- 
ATURE. TRANSISTOR TYPE POTENTIOMETERS Ourr- 
terly Progre.8 Report. 1 J a n  -31 Mar. 1966 
C L Holmes sand 0 C Kinsey 119661 1 3 p  
(Contract 0 A-36.03 9 .S C. 65976 E ) 
( Q P R . 1 9 .  AD.6349751 CFSTl HC $ 1  OO/MF $050  

The 300 Controls tested in accordsnca wtth action II. 
technical act ion request no 8. comp l r l ed  the trsiing required 

m 
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Brief 64-10015 

N A S A  TECH B R I E F  

This NASA Tech Brief is issued by the Technology Utilization Division to acquaint industry 
with the technical content of an innovation derived from the NASA space program. 

Comfortable, Lightweight Safety Helmet Holds Radio Transmitter, Receiver 

Receiver 
Power Swi tch 

arphone Audio Tube 

Mlcrophone 
Earnhone 

A 

The problem: To provide communications by port- 
able two-way radio under circumstances which require 
the wearing of a safety helmet. To date, safety hel- 
mets incorporating self-contained transceivers have 
been unwieldy and heavy, often with protruding com- 
ponents. Two-way radio components were mounted 
inside the helmet with only the webbing to prevent 
them fromcontactingtheskull. 
The solution: A lightweight, form-fitting safety hel- 
met incorporating both an inner and outer shell, re- 
silient padding instead of webbing, and a two-way 
radio located mainly between the two shells. External 
protrusions are small, permitting the helmet to be 
worn under other headgear and other protective 
clothing . 

Traniducers 

Microphone Voice Tube 

HOW it's done: The communications/safety helmet 
is constructed with two nesting hard shells having 
electronic components and a power supply mounted 
between the shells. The inner shell is form-fitting 
and is lined with a resilient padding for wearer com- 
fort and safety. The outer helmet shell nests closely 
over the inner, but is formed with protrusions, or 
lobes, on either side to allow more space for mount- 
i$g the radio components and power supply. A helical 
antenna is also hidden within the outer shell. 
' For safety, the microphone arm is made of a flex- 

ible material and will not endanger teeth or mouth. 
When the arm is moved to its stowed position, a 
power switch automatically turns off the transmitter. 
A lightweight miniature earphone is made so' that 

(continued ovcrkan 

L 

This documenr was prepared under the sponsorship of the National 
Aeronautics and Space Administration. Neither the United StatesGo\ern. 
mcnt. nor NASA, nor any person acting o n  behalf of NASA: A. Makes 
m y  warranty or representation. express or implied, with respect to the 
accuracy. completeness. or usefulness of the information contained in  

this document. or that the use of any information. apparatus. method. 
o r  process disclosed in this document may not infringe privatclr.owned 
rights; or 8. Assumes any liabilities with respect to the use of. or for 
damages resultin8 from the use of. any information. apparatus. method. 
or p.rocers disclosed in this document. 
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it is interchangeable with an ear-cup type of ear- 
phone for use when it  is necessary to screen out 
noise' where ambient sound levels are high. Lifting 
out and turning up the cup-type headset turns off 
power to the receiver. Microphone arm and earphone 
may be mounted on either side or, if required, on 
both sides. 

Nickel-cadmium batteries are charged via a plug 
mounted permanently in the helmet. The plug per- 
mits anbther line, such as an intercommunications 
system, to be connected into the uni t  when communi- 
cations other than radio are desired. I f  desired, the 
inner shell can be worn alone as a safety helmet. It 
can also be worn with a lightweight headset for 
working in low. noise-level areas or plugged into a 
hand-carried RF transceiver. 

Notes: 
1. A law enforcement officer wearing this communi- 

cations helmet could maintain constant communi- 
cation with others, or with police headquarters, 
even after leaving his car. 

I 

2. Firefighters working in situations where two-way 
communication is desirable could wear the helmet 
under standard protective clothing. I f  a fireman 
were wearing an asbestos suit, the helmet could 
provide telemetry to warn of a dangerous tempera- 
ture increase. 

3. Construction workers, in  many situations, would 
benefit by frequent or constant communications 
afforded by this innovation. Examples include 
workers assembling large and awkward equipment, 
pulling electric cable, and directing traffic on big 
earthmoving projects. 

4. For further information about this innovation in- 
quiries may be directed to: 

Technology Utilization Officer 
Mannkd Spacecraft Center 
P.O. Box 1537 
Houston, Texas 7700 1 
Reference: B64- 100 I5 

Patent status: NASA encourages the commercial 
use of this innovation. No patent action is contem- 
plated. 

Source: Manned Spacecraft Center 
(M SC-53) 
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CONSTANT WEAR COMMUNICATIONS HEXJET 

Source : North American Aviation 

Inventor: Norman 0. Atlas 

National Aeronautics and Space Administration 
Manned Spacecraft Center 

Houston, Texas 
I 



. .  
. L -  

CONSTANT WEAR C(B"TCATI0NS HEIMrm 

PURPOSE 

The purpose of t h i s  helmet i s  t o  provide head protect ion (bump h a t )  plus  a 
means of wireless  communication. 
can be safe ly  worn when working i n  such hazardous areas  a8 test f a c i l i t i e s .  

I n  addition, t h e  helmet i s  comfortablc hnd 

PRIOR ART SOLUTION 

Previous communication type bump ha t s  were heavy, bulky, and so unbalanced 
t h a t  they frequently f e l l  o f f  unless a chin s t r a p  was used. 
pa r t s  were mounted i n  such a way a s  t o  endanger the  wearer s ince the p a r t s  
were normally mounted between the outer s h e l l  and the  inner  webbing. 
t h i s  way, the  e lec t ronic  pa r t s  could come i n  contact with the skull i f  t h e  
s h e l l  should receive a heavy blow. Final ly ,  protruding pa r t s  such a s  the  
mike boom and antenna proved t o  be unwieldy and dangerous not  only t o  the  
wearer bu t  t o  other  workers a s  w e l l .  

The e l ec t ron ic  

Mounted 

DESCRIPTION OF INWVATION 

This headgear i s  l ightweight,  well balanced, w i l l  not shake o f f ,  and there-  
fore  does not need a chin s t r a p  (see attached photo). 
i e n t  padding instead of webbing and i s  not a s  b u l b  a s  present helmets of  
t h i s  type. 
from the  two s ides  of t he  helmet. The helmet can be separated i n t o  two hard 
s h e l l s ,  i.e., an The inner  hard s h e l l  p ro tec ts  
t h e  wearer by preventing contact between the  skull and the  enclosed e lec t ronic  
par t s .  The p a r t s  themselves a r e  mounted i n  the  outer  s h e l l  which i s  snap- 
f i t t e d  t o  the  inner  shell ' .  
hidden within the  outer  s h e l l  and therefore  does not have any ex terna l  pro- 
t rusions.  
p ro tec t ive  clothing such a s  asbestos f i r e  f igh t ing  garb. 

The helmet uses r e s i l -  

The e lec t ronic  c i r c u i t s  are contained i n  the  lobes shown protruding 

inner  and an outer  shel l .  

The antenna i s  a h e l i c a l  type which i s  completely 

This allows the  helmet t o  be worn under other  headgear o r  under 

The b a s i c  s h e l l  and padding a r e  shaped t o  f Y t  the  skull t o  prevent the hel-  
met from f a l l i n g  o f f ,  y e t  t he  helmet i s  vent i la ted .  A close f i t t ing helmet 
such a s  t h i s  allows the  wearer t o  use the  headrest  i n  t e s t  vehicles.  
microphone boom contains a power switch which turns  o f f  the  t ransmi t te r  when 
the  boom i s  moved t o  the  s ta red  posit ion.  I As a safe ty  fea ture ,  t he  mike 
boom i s  made of flexible mater ia l  and w i l ;  not endanger t e e t h  o r  mouth. 
The light weight microphone-type earphone i s  interchangeable with an e a r  
cup type when one wishes t o  reduce noise i n  a reas  of high l e v e l  ambient 
noise. The cup type headset l i f t s  out and up t o  t h e  stowed pos i t ion  t o  turn 
o f f  power t o  the  receiver.  
e i t h e r  t h e  r i g h t  or. l e f t  s ide  (or on both sides i f  s t e reo  o r  redudancy i s  

' 

des i red) .  

The 

The mike boom and earphone may be mounted on 

Thie helmet may be used f o r  physiological sensing and wireless  telemetry,  
for  example, electroencephalogram probe6 can be mounted within the  padding. 
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Physiological sensing and telemetry operation could warn of environmental 
hazards such a s  excessive body or a i r  temperature. The t ransmi t te r  i s  AM 
and t h e  telemetry i s  M/AM. This can be accomplished by mixing a vol tage 
control led o s c i l l a t o r  s i g n a l  i n  with the  voice'channel,  t he  frequency i n -  
d ica t ing  the  value of t he  parameter being monitored. The t ransce ivers  may 
be used d i r e c t l y  as hat-to-hat communications devices o r  they may be used, 
i n  conjunction with a "repeater" base s t a t ion .  The storage c e l l s  (nickel  
cadmium) a r e  charged v i a  an umbilical plug mounted i n  t h e  .helmet. 
umbilical  cord, a l s o  permits a "hard l i ne"  t o  be run i n t o  t h e  helmet when 
communications other  than rad io  m e  a r e  desired.  

The 

USES 

The inner  she13 can be worn alone a s  a sa fe ty  helmet o r  it can be  worn 
Kith a l ight weight headset f o r  use i n  low ambient noise areas .  
then be plugged i n t o  a l o c a l  intercommunication system o r  i n t o  a hand 
ca r r i ed  portable  rf transceiver .  

When'both s h e l l s  a r e  worn the t ransceiver  could be used a s  follows: 

It can 

1. Law enforcement personnel. 

Off icer  leaving vehicle  can maintain constant communication with 
o ther  o f f i c e r s  o r  headquqrters. This fea tu re  can be u t i l i z e d  f o r  
surve i l lance  work o r  emergency s i t u a t i o n s  ( c a l l s  f o r  a i d ,  medical 
information, e tc .  ) 

2. Fire f igh t ing  personnel. 

a .  Can be worn under standard pro tec t ive  clothing. . 
b. Provide 2-way comunication f o r  men f ight ing blaze.  Teleme- 

try can be used t o  warn of temperature increase  o r  condi t ion 
of a i r  supply i n  asbestos suit. 

3. Construction personnel. 

Men working i n  remote areas  can maintain constant communication 
where necessary. 

a. Elec t r i c i ans  cable p u b i n g ,  e tc .  
b. 
c. Surveyors. 
d. Demolition squads. 

Assembly of awkward aqd l a rge  pieces. 

4.. Test  personnel.. 

a. Alignment and adjustment of equipment iiI a reas  not normally 
rovided Kith intercanmunications . 

b. L ouble shooting crews. 
* c. Field operations requir ing shor t  not ice  communication i n s t a l l a t i o n s .  

I 
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5 .  Space s u i t  - Pressure s u i t .  

a. 

b. 

May be used as constant wear head protect ion containing a l l  
necessary communications , physiological, and s u i t  parameter ' 

telemetry c i r c u i t r y  . 
Can remain on head when donning pressurized helmet and serve 

parameter telemetry source, and as the  pressurized helmet 
l i n e r .  

space s u i t  communications source, physiological and s u i t  

6. spo r t s  

a. A s  a crash helmet f o r  spor t s  ca r  enthusiasts .  Driver could 
receive ins t ruc t ions  from p i t  crew. 

b. * T r a f f i c  and crowd control at  sport ing events. 

COST - 
The t o t a l  weight of the helmet is  about 19 ounces, of which s i x  ounces are 
i n  the helmet i tself  and 13 i n  the e lec t ronics .  
as present ly  .constructed by hand layup methods, is approximately $70 .OO 
p e r  item. However, if made by vacuum forming with less expensive material, 
t h e  cost  would probably be i n  the  order of $10.00 each, i n  reasonable 
quant it ies . 

The cost  of the helmet, 

The cost  of t he  e lec t ronics  involved i n  the helmet depends on the  frequency 
range, power, and r e l i a b i l i t y  required. It is estimated t h a t  these elec-  
t r o n i c s  would cost  anywhere from $40.00 t o  $1,500.00. 

The exis t ing  un i t  was constructed with e lec t ronic  modules purchased from 
In terna t iona l  Telephone and Telegraph under t h e i r  trade name of KEL-0-RAD. 
This uni t  operates a t  approximately 30 megacycles, i s  an AM un i t  w i t h  a 
power consumption of approximately 100 m i l l i w a t t s ,  and cos ts  about $500 .OO. 
This  unit has a l l  welded construction, which accounts f o r  much of the cost .  
It is estimated t h a t  a similar unit could be made on pr in ted  c i r c u i t  boards 
f o r  a cost  of about $40.00, i n  production quant i t ies .  
u n i t  is estimated t o  cos t  about $400 .OO. 
w a s  purchased from Paci f ic  Plantronics, Inc., located i n  Santa Cruz, Calif- 
o rn ia .  Their commercial microphone-receiver assembly (Model E-309 cos t s  
approximately $60 .OO. Units meeting i l i t a r y  spec i f ica t ions  (E-50) cos t  

A one-half watt FM 
The microphone-receiver assembly 

approximately $112 .OO. T 
I 

Five of these helmets are i n  test f o r  use on board Apollo. None 
p u t  i n  service f o r  ground support, p r inc ipa l ly  due t o  the  cos t .  
American Aviation present ly  has no plans t o  market these helmets 

PATENT STATUS . 

has been 
North 
commercially. 

NASA encourages t h e  immediate commercial use of t h i s  invention. It is owned 
by NASA and inqui r ies  about obtaining royalty-free rights f o r  i t s  commercial 
use may be made t o  NASA, Washington, D.C. 20546. 
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Flash Sheet No. KSC 66-39 

NEW TECHNOLOGY REPORT 

TITLE: 15-Channel Motion Detection System 

The init ial  record phase requireskonly 1/2 second. One complete scan of  15 
frames or channels (1/30 second per framelis fed through the isolation amplifier to the in- 
verting amplifier and recorded on the v id io  magnetic tape loop. A flip-flop circuit, con-- 
trolled by a gate signal from a tape control switch; allows only one complete scan of the 
15 channels to be inverted and recorded. The second gate signal of the decommutator 
resets the flip-flop, which, i n  turn, disables the recording circuit. 

BRIEF DESCRIPTION: This security warning system receives video information from 
15 television cameras located in unoccupied areas. When motion i s  detected by a camera, 
the system alarm sounds at security headquarters and an appropriate warning indicator 
lights. In addition, 15 television monitors permit visual surveillance of the areas. 

DETAIL DESCRIPTION: The requirement exists in the KSC Security System for a video 
motion detection system. Currently, no such system i s  commercially available. One 
company has designed a prototype, but it works with only one camera and monitor. 

The 15-channel system uti1 izes a commutator and decomrnutator, allowing time- 
multiplexed video transmissions over one cable pair. Refer to Flash Sheet No, KSC 66-36 
for detailed description of commutator and decommutator operation. - 

Video signals from the 15 television cameras are sequentially combined within the 
commutator and transmitted along one cable pair to the decommutator. (Refer to attached 
block diagrams. 1 The decommutator reconverts the composite signal to the original video 
signals and channels them in proper sequence to 15 television monitors, The composite 
signal t o  the decommutator is also fed from the decommutator receiver to the detection alarm 
system. The detection alarm system and the television monitors are housed in an equipment 
rack . 

The detection alarm system inverts the first 15 frames (one from each camera) of the 
composite signal and records them on a video magnetic tape loop. The inverted frames 
are then played back and compared with the subsequent 15-frame groups received. If there 
i s  no motion in the monitored area, these synchronized positive and negative signals w i l p  
cancel each other. However, i f  there is motion, the corresponding frames of the video signals 
w i l l  not match, and the system w i l l  generate an output to the proper warning indicator and 
the system alarm. 
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During the operate phase, the video tape recorder plays back the inverted 15 frames 
of video through an adjustable delay line (to insure proper synchronization) to an adder 
circuit. The adder circuit receives both a positive-going waveform (the composite video 
signal from the isolation amp1 ifier) and a negative-going wavefrom (the recorded video 
signal from the tape loop). The signals are algebraically added in the adder circuit and 
an output voltage is produced only i f  there is  a difference. A difference w i l l  occur i f  any 
motion i s  detected. Regardless of the adder output polarity, one of two Schmitt-trigger 
circuits w i l l  be triggered at  a preset detecting level. The Schmitt-trigger pulses aregated 
and a simultaneous trigger pulse from the Schmitt trigger circuit produces an output from a 
one-shot multivlbrator circuit. The output of the one-shot multivibrator is amplified, 
energizing a monitor indicator light, the equipment-rack indicator light and the system alarm. 

Therefore, i f  any motion is detected by a television camera, one of the Schmitt 
trigger circuits w i l l  produce an output simultaneously with a gate signal and the appropriate 
monitor indicator lamp w i l l  light. A reset button, located on the equipment rack, w i l l  re- 
store any trigger circuit to an operational state when desired. 

APPLICATIONS: The system could be used in  any business to guard merchandise after 
business hours. Banks, large retail stores, wholesale outlets, and factories are a few 
examples .- I 
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TECH BRIEF 66-10548 

MOTION DETECTION SYSTEM, 15-CHANNEL 

GENERAL 

This innovation relates to the development of a 15-channel motion detection 
system. Using the technology of this system, motion can be detected by 15 remote 
television cameras and displayed at a single monitor station. 

Primary components of the system are 15 television cameras, cornmutator, de- 
commutator, 15 television monitors in an integrated station display, detection alarm, 
and related interconnections. Operation of the system is  based upon addition of positive 
and negative video signals. The 15-channel motion detection system compares the first 
15 frames of a run with the second and subsequent groups of 15 frames. Each 15- 
frame group i s  comprised of one frame from each of the 15 television cameras. Any 
variation in frames w i l l  be displayed on the appropriate indicator and w i l l  initiate an 
alarm signal. The central monitor station guard can then scan the appropriate monitor 
screen to determine the origin of the motion. 

See Flash Sheet No. KSC 66-39 for diagrams relating to this innovation. 

PRIOR ART 

A commercial prototype has been designed with one camera and monitor to pro- 
vide for motion detection; however, a motion detection system i s  not commercially 
available. Prior art does not exist for a video motion detection system of th is design. 

DETAILED DESCRIPTION 

A television camera is  provided for each of 15 locations. Each camera is inter- 
connected with a central monitor station. 

An illustration is  provided of the rack configuration of the central monitor sta- 
tion. (See figure 1.) The electronic elemerks of each monitor are contained in one 
package. These packages are installed behind the panels of the upper and lower sections 
of the racks. An indicator panel between the monitor groups serves a l l  the monitors on 
the rack. An audible alarm is  interconnected with the rack indicators and i s  enabled 
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when a rack and monitor indicator are illuminated. A reset pushbutton permits return of 
the system to a monitor status. Two blowers are provided in each rack to air-cool the 
electronic components, 

The central monitor station receives 15 channels of video information from the 
15 remote television cameras. Video signals from the cameras are applied in parallel 

“to the decommutator and through an isolation amplifier to the motion detection system. 

One complete scan of 15 channels is  coupled through an inverting amplifier and 
recorded on a video magnetic tape loop. A flip-flop circuit, which can be enabled by 
depressing the tape control button, allows only one complete scan of the 15 channels 
to be inverted and recorded. The second gate signal received resets the flip-flop, which 
in turn disables this circuit. 

A video tape recorder plays back the inverted 15 frames of video through an ad- 
justable delay line to an adder circuit. The adder circuit receives both a positive going 
waveform and a negative going waveform. These signals are added in the adder circuit, 
and an output voltage is produced only when a difference occurs. 

Difference is  indicated when any motion i s  detected by a camera. Regardless of 
the adder output polarity, one of two Schmitt trigger circuits i s  triggered at a preset de- 
tecting level. The Schmitt trigger pulses are gated by signals from the decommutator. 
A gate signal from the decommutator and a simultaneous trigger pulse from the Schmitt 
trigger c i rcui t  produces an output from a one-shot multivibrator circuit. The output of 
the one-shot multivibrator i s  amplified, energizing a monitor indicator light and a rack in- 
dicator l ight  and enabling the audible alarm. A reset button, located on the monitor 
rack, can be depressed to restore any triggered circuit to  an operat 

CO NC LUS ION S AND RECOMMENDATIONS 

onal state. 

than a similar system Technology presented by this innovation i s  more economica 
using multiple detection circuits. A 15-channel motion detection system is suitable for 
any large manufacturing plant, mercantile establishment, military installation, or other 
large faci l i ty  where security measures are required. 

t 
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. An old optical technique utilizing cylindrical lenses hae been adaptcdt, 

dynamic displays, I\ -  witha particular reference to television. The t e c h q  

also apply to motion picture, photography and projection. 
' 

8 

' Two cameras and an electronic switch are required to produce the telp 

picture. The televieion display itself is a flat-faced cathode ray tube, 

the effect of the lenses in front of the dieplay is to cause each eye to vic 

bnly those portions of the picture that were derived from the approprir: 

* .  I 

.' ' ., 
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shar ing  . 
cleaved . 

e lev is ion  1 

iceiving 
i t  t h e  
m i  t or as 

1 inks 
- .  

er w i l l  descr ibe a technique for transmission of a number - 2 

f .  unrelated video and, i f  desired,  audio information 
' ,  carrier medium and allow them t o  r e t a i n  t h e i r  individual  

I .' I ' 
A generalized explanation of the  sec t ions  and operat ion of a b 

* f  , *  mission and reception system, of which t h i s  is a pa r t ,  
d. A de ta i l ed  descr ip t ion  of t he  subsystems required 

which are not a d i r e c t  p a r t  but can be used with the  

' I  

ique w i l l  be given. c .  . .'! 
. a  

Brief discussions are given of the devices developed i n  support of - . a # I  

ppl ies  to  both the receiving and t ransmi t t ing  terminal i, . . 
, e  

' space 

. .  
Some educational,  cOrrmercia1, and i n d u s t r i a l  appl ica t ions  of , 

technique combined with various port ions of the per iphera l  1 

4 
L. 

designed with the system are given. 
4 1  

. .  

1 .  11. HISTORY 

During growth of Redstone, Jup i t e r ,  and Pershing vehic le  

thods f a i l e d  t o  give the  development engineer a reasonably 
in  answer t o  a problem he had with the operat ion of some p a r t  

vehicle  while i t  was i n  f l i g h t .  
e such indicat ions as temperature, pressure,  acce le ra t ion ,  

pment, there  were many t i m e s  when normal measuring instruments 

ion, shock, and h m i d i t y .  A s ing le  p i c tu re  i n  some of these areas . . ,  

# 

I '. 

p l i c a t i o n s ,  
r more 

The measuring instruments 

# \ .  

. .  
,+ . * *  

. I  

' It was decided in  e a r l y  1959 t o  begin design development work 
m a n  instrumentation TV system f o r  Saturn research vehic les ,  f o r  the 

rionics Division of MSFC.  
ent has been engaged i n  evolving TV systems f o r  use between space 

uld have given the answer. 

Since t h a t  time t h i s  organizat ional  

tee and ea r th  t o  gaiminfonnat ion useful  i n  the  development phase 
tu rn  systems and t o  provide real t i m e  operat ional  da ta  from 
development vehic les  while engaged i n  the  navigation of space 

us s tudy was made of the var ious instrumentation problems as 
resented in the  course o the development of the  Redstone, . 
d Pershing missiles both as they were r e l a t e d  t o  veh ic l e  

lopment and to  space navigat ion as they'were infer red ,  
e 

I . .  a ,  3 '  





I 

' ' 

evision s t a t i o n s  o r  any of the  major t e l ev i s ion  networks, whicd : 
ranges d i t e m s  then : I  conform t o  the Federal  Communication Commission's standards ' .( 

. '. lor the generation of synchronization s ignals .  

Recent s i n g l e  camera real t i m e  p i c tu re s  made of such things 

turn s e r i e s  vehicles demonstrate the r e s u l t s  that can be 

Echo I balloon and t h e  deployqrent of the  , 

load as w e l l  as f l i g h t s  and separa t ion  of t he  s tages  of er  second 
t h n s  t h e  ; .  , 

W, on a 
ironmental * ed from f l i g h t  t e l ev i s ion  systems. The p i c tu re s  from Echo I, 

I 

Saturn series, and the Pegasus were s h a m  Over t h e  major commercial 
i e  ion ne tworks . 

! 

# 

. .  . .  Ition and 111. DESCRIPTION OF EXISTING SYSTEM 
ast favorable 1 

The Saturn t e l ev i s ion  system provides real time display and 

ere The stem an t ida t e s  a l l  known research rocket t e l ev i s ion  systems 
herent commercial t e l ev i s ion  systems compatibi l i ty ,  high rY Personnel ' The Saturn TV 

lystem is considered appl icable  t o  many o ther  research projects  
uhere environments comparable to  t h a t  of the  Saturn are expected. 
The system is modulator i n  form and, consequently, highly adapted 
to a wide v a r i e t y  of layout '  schemes. 

# . I  ent  s torage  of p ic tu res  te lev ised  from the  vehic le  during f l i gh t .  

I 
L /  

reso lu t ion ,  an$ display ana lys i s  fea tures .  

9 ' 8  

' 
It is divided i n t o  two cate- 'esolu t ion 

which are re fe r r ed  t o  as t ransmit t ing and receiving terminal .' ' 

Figure 1 shows a simple block diagram of 8 two camera f l i g h t  
loying a l l  of the  components mentioned i n  the t ransmit t ing 

' 

p l i f i e d  block diagram of a ground receiving 
ric ampl i f i e r ,  which is normally a port ion 

rough the monitor and recording system a t  the  

- _  _ -  khe ground terminal equipment cons i s t s  of an appropriate rece iver '  . ' 

This allows the p i c t u r e  o r ig ina t ing  from each individual  .. connected t o  a u n i t  called a decoder which separates  the combined 
Pktures. 
camera t o  be routed t o  i ts  own individual monitor. 

. '  *% . .. The viewing u n i t  

t inuously t o  a given monitor 80 t h a t  the  
loyed t o i s t o r e  s i n g l e  frames of high rate 

t a 30 pgcture per  second rate, while  t he  
' 

e vehicle  w i l l  be a t  a rate lower thttn - 
er of cameras i n  the  system. 

1 -  

. :  . . . . 

' 

was 

ron Braun 

006 ter . 
' 

, 

. .  Information '! . 
e recorder and , 
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kinescope recorder simultaneous with the  d isp lay  on the  monitors. 
A p a r t  of the  system allows the  output from the  receiver o r  the  play- 41 
back from the video tape t o  be fed  i n t o  a deboder u n i t ,  which separate8 [' 

If! $ automatically i n t o  two channels t he  two frames from each camera. 
4 4  .T4 frames from camera two are fed  t o  output two. 

;$ two channels needed t o  be displayed. ;?:, 
t e l ev i s ion  monitor it would produce two frames, o r  p ic tures ,  of 

# I Q. 

15 cyc le  pe r  second f l i c k e r  which occurred every two,frames f o r  a ' - 'e* 
durat ion of two frames. To the  eye of the average observer t h i s  was 
very objectionable.  However, it was decided then that a device which " $ 1  
had the a b i l i t y  t o  s t o r e  t h i s  information f o r  a s h o r t  period of time jt4 
could be used t o  bridge t h i s  two frame gap when no information w a s  '*j, 

Methods t o  !,$I 
achieve t h i s  w i l l  be discussed later. 

The two frames from camera one are fed  t o  output one and the  two 

3 

y 
In  the  f i r s t  system models the information coming out of these 

I f  t h i s  w e r e  f e d  t o  a simple 
't 

information and then o m i t  two frames of infarmation r e s u l t i n g  in a 

being transmitted t o  the  monitor from i t s  own channel. 
I *  

j . .  
Figure 3 shows a diagram of the e s s e n t i a l  p a r t s  of both ends of 

1 .  

t h i s  system. jl 
the  port ion of the system lying wi th in  the  dot ted  l ines .  This portion ';; 

ac tua l ly  changes the capaci ty  of the  l i n k  jo in ing  the  two ends of ,P 
the  system. The o r ig ina l  concept f o r  t he  system was t o  g e t  t he  maximcnp 
amount of information for a given RF bandwidth. Therefore, t he  f i r s t  * i' 
system t r i e d  was one which a l t e rna ted  transmission from two cameras P 1, 
on a two frame basis.  That is, t he  end r e fe r r ed  t o  as the video registem- 
allowed the  output of one camera t o  pass i n t o  the  t r ansmi t t e r  f o r  two :. t' 
complete p ic tures  and then, during the  i n t e r v a l  between t h e  second and ' f. 
t h i r d  p ic ture ,  the input t o  the  video r e g i s t e r  un i t  w a s  t ransfer red  
t o  the  second camera and two complete p ic tures  from t h i s  camera were :)' 
allowed t o  pass i n t o  the  t ransmit ter .  
t o  the o r i g i n a l  posi t ion and allow two more p ic tures  from the f irst  
camera t o  pass i n t o  the  t ransmi t te r .  ;?  
the  p i c t o r i a l  information was  received on t he  ground and video taped. 

.\:! 
A t  the  same t i m e ,  a kinescope recording was made. 
be viewed as individual frames, as any o ther  s ing le  frame p i c t o r i a l  
information is used without regard t o  t h e  f a c t  that the  information was' .) 

inter leaved on a two frame basis.  

The point of i n t e r e s t  for t h i s  discussion is the  use of 

s * 
The video r e g i s t e r  would return : 

This back and f o r t h  cycl ing of 

These f i lms  would 

Since now each p i c tu re  \ was viewed once every 1/15 of a second# I .  

* ' the  next s t e p  i n  t h i s  process was t o  e l iminate  the second frame and ' . .  
transmit only one frame from each camera per switching interval. 
This meant that the motion cont inui ty  could be increased and object8 

, . *  
c'* 

*'& .w 
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$ 1  ,1 , 

monitors . 
'.Or the  

Camera . 
t h e  two . . . of four  camerasI Now each camera output would be viewed t 

motion rate twice tha t  capable of being viewed by the  
I 

I /  . .  I 
,I 

first system could be accepted by the  new system. .. r . 
which sepalrater ' * , <  > 1 

I * .  Originally, each picture was viewed 3.); times p e r  second f o r  

t of these  i a simple 
'es, of 
t i n g  in a I 

es f o r  a 

ievice which 
tod of t b  . 
~t ion w a s  i 

Ithods t o  

I 

er this was * 

t h  ends of 
t he  use of 

5is por t ion  
mds of 
: t he  maximm 

t h e  first 
cameras 

video r e g i s t e r  
er f o r  two 
second and 
isf e r r ed  
iera were 

c l ing  of :: 
1-0 taped. 
p8 would 
: t o r i a l  
mation.was ' : 
'4'r 

econd, '; 

ne and -;. - S . .,I a 1  ! ..' 

. \  
0 . .  . .  
;t: ,_ L * 

iar 7% times per second. 

'qhicle P a r t s ,  etc., normally did not exceed a r a t e  which could be : ,,' 

fierefore, t h i s  frame switching system was se lec ted  as the  f i rs t  

Motion s tudies  made of the  mbving p a r t s  : 

I 
of the  Redstone, Jupi te r ,  and the  Pershing missiles indicated t h a t  

I 

! t  

* ! . .  3 usual moving p a r t s  such a s  ac tua tors ,  separat ion ca t e s  between .. 
e .  

I .' 
2 7  

. * .. a t  an  information renewal time of 7% times pe r  second. 

rersion of the  information conservation transmission program and ', ., , ,  .i 
med on the  SA-6 developmental f l i n h t  as a two camera system on ." f ' "  

two frame per camera switching basis .  The r e s u l t s  of- t h i s  were- ' 4 I 

1 + :  
J C  

very good. 
displaced frames o r  disassociated f i e l d s  throughout t h e  e n t i r e  
recorded f l i g h t  

Switching showed perfect  matched r e g i s t e r y  with no . :',: I .  .. 

! " .  
, ' ,  

Since that time, other  methods of switching have been employed 
. .  In the laboratory and lpve proved feas ib le .  

(1) switching from camera t o  camera every f i e l d ,  and (2) switching 
from camera t o  camera every l ine.  
iamera every l i n e  imposes motion l imi t a t ions  which increase i n  
reverity as the  number of cameras go up. 
mly two cameras are used most slow motion is not  object ional .  
ibe f i e l d  switching system appears t o  be from t h i s  standpoint perhape 
he most f e a s i b l e  on the b a s i s  of two cameras. 

Among these are 
. , 

The switching from camera t o  
. o  . -  ' 

* I  
However, so long as 

e .  

On the  bas i s  of four  cameras, f i e l d  switching could be used; 
mever, again there  is, the  problem of-motion con t inu i ty  between 
onsecutive f i e l d s  f o r  a given camera and frame switching is bes t  

, . , . ' ' . .  
. ,  

ecause of t he  recording of complete p ic tures  from each camera. . * I  

1 

. 1; q 

$ 1  . 1, 
( I ,  , i  - ... - . ' I  

I, 

IV. 
TRANSMITTING AND RECEIVING TERMINAL EQUIPMENT 

DETAILED BREAKDOWN OF SPECIAL SECTIONS OF 

e 
I .  

A. A descr ip t ion  of the video r e p i s t e r  unit. For purposes of ( , ,  

If8 discussion it w i l l  be assumed that four  cameras or  video s igna l s  :+ 

'e being used f o r  transmission over t h i s  system. 
'stem is a fou r  s t age  r i n g  counter \ (see f i g u r e  4) which is designed 
1 ro t a t e  one pos i t i on  every frame orpevery two f i e l d s  of video 
Iformation. 
Crystal cont ro l led  o s c i l l  

The hear t  of t h i s  . ' <  

.f,:a 

The video r e g i s t e r  cohtains ,  as t he  bas ic  t i m i  

b - .  8 4 ' 

- a  

, tti 



. t  reset o r  bu r s t  generator,  

Operation of t he  device is now given. Video is accepted 

.- is introduced. This s h a l l  be discussed later. The video amplif ier  ' ' ' *  

sends i ts  s i g n a l  then t o  the blanking mixer, then t o  the  sync mixer, ; 

monitor. This bu r s t  is in jec ted  i n t o  the  video ampl i f ie r  as 

i n  s t e p  with the video r e g i s t e r  uni t .  
ve r s ion  f o r  shapd and s i z e  comparison. 

Figure 7 shows a f l i g h t  

B. A Description of t he  Video Decoder. The video decoder 
( f igu re  5 )  is a device previously mentioned which separa tes  t h e  . '  

. .. , 
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to the four  s tage  r i n g  counter a t  t he  vertical frame rate, so that 
ring counter w i l l  rotate one pos i t i on  f o r  each frame pulse  

delivered t o  it  by t h e  sync generator.  
f m n d e d  open one a t  a time. The video switch 1 opens f i r s t  
sending one frame of video information t o  a disp lay  monitor 1. 
This switch then c loses  and video switch number 2 opens. The 
bformation from camera 2 is now coming i n  and is pqssed through 

witch 2 5s ClOsed and t h e  same procedure is followed with switch I€? 8 
this switch t o  monitor 2 t o  be  displayed for 1 f r a q .  

Thus the  video switches are 

Then 

3 and 4 i n  t u r n  allowing one frame corresponding to  the  numbered 
camera af t h e  o ther  end of the  transmission medium to  pa.ss through 
each switch. The sync s t r ipper!  s i g n a l  keeps the  synchronizing I 1 generator locked or i n  phase wi th  the  synchronizing generator  . ,.# 

employed i n  the video r e g i s t e r  u n i t  a t  the  t ransmi t t ing  terminal. 

There is one o ther  necessary i t e m  t o  insure  proper operat ion 
of th i s  system without which t h e  pos i t ion  of t he  counter i n  the  
decoder would not s t a y  i n  phase with the  pbs i t ion  of t he  counter in 
the transmission equipment. 
from the cameras copld be displayed on the  wrong monitors. 
prevent t h i s ,  as was described previously i n  the  video r e g i s t e r  
section, a burs t  generator  appl ies  a burs t  frequency a t  the  begin- 
ning of the  f i r s t  l i n e  of the f i r s t  f i e l d  of camera 1. This b u r s t  
is f i l t e r e d  out by t h e  burs t  generator  f i l t e r  i n  the  video decoder 
and appears as a pulse  whose width corresponds t o  the  o r ig ina t ing  
pulse o r  s l i g h t l y  less than one l i n e  i n  duration. 
referred t o  a s  the  reset pulse, is appl ied t o  pos i t ion  one of the  
ring counter such t h a t  i f  the r ing  counter i s  i n  any o ther  pos i t i on  
than number 1 at  t h e  beginning of the f i r s t  p i c tu re  o r ig ina t ing  
from camera 1, it  ~ $ 1 1  immediately s h i f t  t o  pos i t ion  1 such t h a t  
the remaining port ion of t h i s  frame w i l l  pass through switcher 1 
and on t o  monitor 1. 
This insures  that each monitor receives the  information from its 
corresponding camera and should it g e t  out  of s t e p  f o r  any reason 
during one r o t a t i o n  of the r ing  coun te re i t  w i l l  be reset a t  t h e  
bFginning of the  next ro ta t ion .  
monitor could be supplied the wrong information is one frame or in the 

an operat ional  u n i t  designed f o r  rack mounting. 

I f  t h i s  condi t ion ex is ted  the  infornut ion I 

To 

t 

This pulse,  

This is c a l l e d  r e s t o r a t i o n  of frame reg is te ry .  

The maximum time that any one 

case of fou r  cameras approximately' l /8 of a second. Figure 6 shows - .  

1 

V. 

As has beeh explained, the( information derived from the  video 
decoder i e  f e d  out  t o  a monitor for each camera of t h e  o r ig ina t ing  
ayotem a t  t h e  transmiasion terminal. These monitors could be high 

OTHER EQUIPMENT PRODUaD AS A RESULT OF THE SYSTEM . 

4 Z i  * .  



pers i s tence  monitors such t h a t  t he  r e t e n t i o n  of t h e  image' could be 
held for  1/8 of a second without any appreciable  smear so long as ;,?,''\ , <  

. , the  viewed image had very low motion rate - examples being plant  

cases where She information could m o v e  a t  low'rate ,  a high 

t o  supply a conventional monitor displaying 30 p ic tu re s  per second 

. . :, *& 

' surve i l lance ,  slowly moving machinery, etc. However, i n  those 

' ;  pers i s tence  screen is undesirable.  It would be more convenient 

* as is  normally done with standard closed c i r c u i t  TV. It it is  
J 

J .T 

.. . I .  ' 4  

des i red  to  view continuously 7.5 o r  15 frame per second information 
It i a  a necess i ty  t o  have a long s torage  time tube and feed  it s t u n b d  
30 frames per second as i n  conventional c l o s e  c i r c u i t  t e lev is ion .  
There are a number of ways t h i s  could be accomplished. t *' 

', 4 P i .  1 
A system first  t r i e d  and proved successful  was  a system using a 

This s torage  tube ' s torage  tube between the  decoder and the  monitor. 
was another spec ia l  development by t h i s  Center. 
ment t h a t  t he  s torage tube have t h e  c a p a b i l i t y  of being ab le  t o  
write in or  s t o r e  one s i n g l e  frame of information i n  a period of 
1/30 of a second, be ab le  t o . r e t a i n  t h i s  frame of information for 
a period approaching 1 minute, and then be a b l e  t o  completely erase 
the p i c tu re  s tored  in t h e  tube i n  less than one vertical  in t e rva l  
which is a period of approximately 1100 microseconds. 

It w a s  a require- 

.. 
A t  the  t i m e  of the need f o r  t h i s  device no such tube existed; 

therefore ,  t h e  tube having t h e  qua l i f i ca t ions  neares t  to  t h i s  was 
chosen as t h e  most l i k e l y  candidate. This tube had an erased time 
of about 2500 microseconds and was reworked so as t o  reduce its 
erase time t o  1100 microseconds o r  less. The s torage  capab i l i t y  of 
t he  tube was good f o r  periods of 10 t o  20 seconds where erasure was 
required a t  1100 microseconds. 
would employ ane of these s torage  tubes similar t o  a monitor picture 
tube. A s  each frame of information came out  of the decoder i t  would - 

. ', 
' 9  'I 
. -  " .  

'* 

. + t  

Each channel coming out  of the decoder ~ ' 

; ' .  
ar , be fed  i n t o  a s torage  tube corresponding t o  t he  o r ig ina t ing  camera-in 3 . 

. t h e  system. The next frame of information would be switched to  the i $L 
. second s torage  tube corresponding t o  the o r ig ina t ing  camera two. 

During t h e  v e r t i c a l  interval following t h e  p i c tu re  received from camera , 
number 4, t h e  s torage  tube assoc ia ted  with camera number 1 would be . ' ' 

' .  8. . completely erased,  and t h e  next p i c tu re  from camera number 1 would bs . : 
could see a small p i c tu re  approximately 3 by 4 inches which would be ' 
similar to the  one displayed on the  conventional monitor. 
r e so lu t ion  of t h e  p i c tu re  pas b e t t e r  than commercial standards,  but 
t h e  shades of gray were not q u i t e  as good, 

a small high reso lu t ion  camera was placed i n  front of t h i s  tube and 

. 

. wri t ten  i n t o  t h i s  s torage tube. Observing these  tubes v i s u a l l y  one . _  ' e  ?, 

" a'. -, 
Lt. . 

. 

' 

The 
L .  

I r' 

In orde r  t o  translate t h i s  information to a conventional monitor 
; 

. I  

: ,  * r ' \ ,  -. ' 
I . . .  . .  
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,,d a t  30 frames per second. I ts  Output Was fed i n  tu rn  t o  
'r SO long as 
being Plan t  

,,,ventional monitor; therefore,. as the s torage  tube retained its 
tion the  secondary camera continued t o  de l ive r  t o  the 

I in those 30 frames per second. This system was a good beginning, 

the information w a s  read in to  the t h e  
of the  tube e l e c t r i c a l l y .  The storage 

This approach, 

high 
The second generation of t h i s  approach was t r i e d  eliminating '-0nvenient 

2s Per Second 
It i t  is 

te lev is ion. 

'd information tube was  not v i s i b l e .  
and accurate  with respec t  t o  each individual 

d id  not  prove out  r e a l i s t i c a l l y  when combined. 
the  basic  concept is sound and the idea has 

Another method of t r ans l a t ion  from the  decoder t o  the standard 

I 

tYstem using a 

a require-  
' tube 

ab le  t o  
Period of 
mtion  f o r  
Letely e raee  
! i n t e r v a l  

8 

,;ability of s to r ing  one frame of information per t rack per revolution; 
:erefore, one frame of information may be s tored  upon command and 
1yn read out of the drum as long as des i red  up t o  about an hour 

,aftor is by the  use of a magnetic drum. 

l,!necessary - the  s igna l  noise r a t i o  reduction being the l i m i t  on 
.ife. The drums examined t o  date  show t h a t  there  i s  a capabi l i ty  of 
Sndling two o r  th ree  times the number of channels of video infor- 
gtion per drum compared t o  the descr ip t ion  of t h i s  i n i t i a l  system. 
:e drum i t s e l f  and a l l  i t s  associated d r ive  equipment, i n  one version, 
.an be mounted i n  one standard 19-inch rack, along with a monitor and 

The magnetic drum has the  

e exis ted ;  
t h i s  w a s  

:ased time 
Ice its 
a b i l i t y  of 
rasure was 
f the decoder 
tor P i c tu re  
!r i t  would 
lg camera. i n  
ed t o  t h e  
a two. 
3 from camera 
would be 
1 would b e '  
a l ly  one 
would be 
R e  
rda, but  

1 monitor,,  
pbe and 3 .  

form monitor f o r  observing the  var ious channels as they are 
into o r  out  of the ro t a t ing  drum. Another vers ion is much 

ler but w i l l  not  accomodate a s  many channels of information. 
does not have as high a signal-to-noise r a t i o  or as wide a band- 

dth, b u t  f o r  a'number of p r a c t i c a l  commercial appl icat ions would be 
ite desirable.  
s before there  is ahy replacement required.  

A t  the  t ransmi t t ing  end of the  system, the s ta te-of- the-ar t  of 
The s i z e  of cameras and the  cW- 

The l i f e  of these machines runs i n  the order of 2,000 

'ameras is going along ve'ry w e l l .  
lexity is being reduced as  the r e so lu t ion  c a p a b i l i t i e s  of the cameras 

Solution is required o r  how much is the  user  wi l l ing  t o  pay for a 
rticular job. 
en engaged i n  the  development of ruggedized cameras f o r  Some Years 
evidenced by those now i n  use onboard the  Saturn vehicle. 

lPech1 type of tube had t o  be developed t o  survive in  these environo 
@ate. Continuation of t h i s  deve lohen t  has produced a tube which is 

slowly increasing. There is always the  question of how much 
- 1  - .  I n  connection with t h i s  subjec t ,  t h i s  Center has 

A . 
' 

hlf inch v id icon .ab le  to survive ,the Saturn operational conditions. 

. >  
I .  

L 
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. . continues. 

Now let us apply th is  technique to  some applications other 

. '  to  monitor the various areas of the plant during operational or 

6 rate .  These cameras could be combined and transmitted over a single ; 
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I *..s;,!&picture it would appear on a screen. This i n  i t s e l f  would be 
. A  

' i,' - 3  

more p r a c t i c a l  approach t o  psychologically e f f i c i e n t  use 
the observers 

d. , fie curren t  video r e g i s t e r  uniF could be programed ex te rna l ly  . 
any kind of audio l i n e s  ava i lab le  from the observation point  to  .', ' 

,@cular ,plant  t o  cause the sampling c i r c u i t r y  t o . s t o p  on a 1 * I *  
, :  I 

. r *  '1 
camera thereby allowing continuing observance of a 
view, i f  it was f e l t  necessary by the  observer. 

I ' $ 5  

The transmission of t h i s  information from the  plant  t o  the  
,Itwing point could be accomplished by conventional coaxial  cab le  
jd line boosters. For a remote p lan t  it could be done by 
:,jetwave l i n k  i f  the remote observation warranted the expense. of 
' , low cost  microwave l ink ,  s ince the  bandwidths required a r e  
'Idose in c o m e r c i a l  use. The use of t h i s  technique of observance - 

.oer a r e l a t i v e l y  shor t  period of time would pay f o r  the  equipment 
the saving of roving guards, o r  n ight  watchmen, o r  an individual  

hervet f o r  each i n s t a l l a t i o n .  ! 

. .  
I . .  

' 1 ,  ' .  , . ? .  

I , : ... I* 

J .  - . .  
. ,  

. ,.< ' 
! .  

1 In the area of co-rcial entertainment t h i s  technique could 
'tyain be employed i n  a somewhat s imi l a r  manner. 
$:overing spor t s  events of any type where mul t ip le  cameras a r e  set 

I n  the case of . .  
LIRE 

Bther 
bns tra te 
L number 
ier . 
ave  
bui ld ing  . 
1 or 
E loca ted  
E technique 
k of t he  
I t  motion 

. I  

Ipfor point observances, the information is usual ly  relayed t o  some . , '  
central point by cable  o r  microwave where someone selects t h e  view 

I to be used . t o  feed the  network. 
~ ie lec t ing  the  view t o  be fed to  the network would not necessar i ly  
/ h e  t o  be located a t  the  s igh t  of the event. 
f k t r a n s m i t t e d  over a microwave l i n k  t o  some remote point  where o the r  

a ere a l so  ava i lab le .  

With t h i s  technique the  person i 
i 

The information could ' : 
, f a c i l i t i e s  required fo,r the integrated operat ion of such a program 

* I  For a p a r t i c u l a r  camera to  be t ransmit ted it  would simply be 
Wcessary f o r  t he  s e l e c t o r  t o  send a command bymeans of any hardwire d j line such as telephone t o  the  c e n t r a l  transmission s i te  where the  
Pr!icular camera se lec ted  would be held continuously on the feeder  
line t o  the  network. The feeder l i n e  could be a t  the point of t h e  
aport8 event. The operator or  s e l ec to r  r e f e r r e d  t o  above could continue .-. 1 1.-  
Observance of a l l  the  other  cameras by the  above means, and a t  any 
t h e  change from one camera to  another. 
W l d  not  be ser ious  s ince  the general  content of the  p i c tu re  could be 1 
observed f o r  each camera and only bne transmission l i n e  o r  RF l i n k  
would be needed t o  accomplish this,. 

I .  . .  . 
I 

d. The . 
e, Over t 

. .  The motion continuity.problem ,-' 

, , . .  eve gome . , , 

One appl ica t ion  of t h i s  system which has a l ready been considered * .  

our own area is a l i n k  between our launch f a c i l i t y  and Houston i 

k t r o l  Center. This eyetem would allow a motion cont inui ty  of : . 
. - I  . 
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. 30 f r a m e k  per  second, but  would have lower reso lu t ion ,  i f  it d 
not use s torage  techniques as described earlier i n  t h i s  paper. 
This w i l l  allow Houston t o  observe many areas e s s e n t i a l l y  simu 
taneously where motion is  e i t h e r  nonexistant o r  r e l a t i v e l y  low. 

. .  
:' t:;r 
f.' 

Another use e n t i r e l y  removed from t h i s  is f o r  educat ional  
te lev is ion .  
any TV stat ion o r  community TV system without i n t e r f e r i n g  w i t h  
r egu la r  programming. 
present  l ec tu re  mater ia l -on  a given subjec t  and then a c t u a l l y  
provide s e l f  test faci l i t ies  i n  the  home f o r  the  home student.  
A t  i n t e rva l s  during t h e  presentat ion,  quest ions would be  shown on 
t h e  screen which has been divided i n t o  4 p a r t s ,  each o f fe r ing  a 
d i f f e r e n t  possible  answer t o  the  question. The s tudent  a t  home could 
ind ica te  h i s  s e l ec t ion  of an answer by a c t i v a t i n g  one of fou r  buttons 
on a small u n i t  connected t o  a s p e c i a l  PM receiver. This receiver couldy 
be assoc ia ted  with the  FM sec t ion  of the  TV set. 

:'*4 
% i 

A system is now i n  ex is tence  which could be used over 

This system would allow the  teacher  to 

8 %  P 
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*.%. 

\.' 
5 r. 
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Activat ion of 3 

t h i s  button would cause the  TV set t o  become a decoder and select 
only one of the four  possible  so lu t ions  and d isp lay  it on the  screen 

'of the TV set.. A t  t h e  same t i m e  t h e  audio recording corresponding ,. d. 1.. Ir 

t o  t h i s  is se lec ted  by the  decoder so t h a t  i f  t h e  s tudent  is cor rec t  
he g e t s  acknowledgement plus  add i t iona l  reasoning f o r  h i s  answer 
and addi t iona l  information. If he has picked the  wrong answer the 
p i c tu re  and the  voice  associated t e l l  him where h i s  reasoning went 
as t ray .  
t r ack  tape which would be multiplexed similar to  t h e  system already 
discussed along with a multiplexed audio, and f e d  i n t o  a conventional 
TV transmitter at3 video and audio. This mult iplex s i g n a l  could not 
be intercepted by a standard AM or FM receiver. 
boon to  the educational network throughout our country. 
rate of the  information would be a t  7% times per  p i c t u r e  pe r  second 

per  second. 
sonic  frequency such tha t  no los s  i n  i n t e l l i g i b i l i t y  would be lost 

- I  

This system would derive i ts  information from a fou r  

" 3  

This could be a great 
The sampling _I 

. ' : . a ,  

repeated continuously. Information could be renewed a t  7k times 

or be de tec tab le  by the ear. 

,I I 

I' ., . b  j The multiplexed audio would be sampled a t  an u l t ra -  
@ ,  

+ ' ,  I 
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FIGURE 6. VIDEO DECODER 
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